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viscous substances of the juicing phase. This helps to quickly squeeze the juice, without destroying the structure of the pulp. The dosage of the enzyme preparation depends on the type of raw material, the degree of ripeness of the fruit, temperature and reaction time. The main activities of the enzyme as indicated by the manufacturer was depicted in Table 1 . The carrot was skinned and cleaned under running tap water with a sponge before blending with Waring Blender. 100 g carrot paste (puree) was measured into a beaker. Enzyme was accurately measured (Table 2) into each flasks. To ensure efficient enzymatic hydrolysis, 100 mL of distilled water was added to increase the surface area. The pH was adjusted using dissolved NaHCO₃. A filter bed was prepared on a porcelain Buchner funnel by placing two different #1 Whatman filter paper, after the incubation period of an enzymatic reaction. This process was done to ensure efficient filtration process. The mixture was then vacuum filtered using a vacuum pump at 2 amps. The first filtrate represents watersoluble pigments and was discarded. Buchner funnel with filter beds containing carotenoids was repeatedly washed with 200 mL of 95% ethanol until it turns grey.
Experimental design
The effects of enzyme dose, pH, temperature, and time on the extraction yield of carotenoids were evaluated using the response surface methodology with the Box-Behnken design. The actual and coded levels of the variables used in the design are depicted in Table 2 . The independent variables were enzyme dose (A, mL), pH (B), temperature (C, o C), and time (D, Hrs) whereas yield of carotenoids (Y) ( Table 3 ) was defined as the dependent variable in the present experiment. Five replicates at the center of the design were used to allow for estimation of a pure error sum of squares. 
Spectrophotometric estimation of carotenoids
Total carotenoid concentrations were quantified spectrophotometrically using the equations proposed by Lichtenthaler and Buschmann (2001). 2 mL of extracts were measured into disposable polymer cuvettes, and the blank was the ethanol used during extraction. Absorbance was quantified with Agilent Cary 60 UV-Vis spectrophotometer (Agilent, CA, US) at 300 to 700 nm. β-carotene was used as the standard.
Assay of DPPH radical scavenging activity
DPPH (2, 2-diphenyl-1-picrylhydrazyl) radicals scavenging activity of the carotenoid extract was estimated by the method previously used (Adadi et al., 2017a) with slight modification. In the present study, carotenoid extracts were used in determining the radical scavenging activity. DPPH (1 mmol) was dissolved in ethanol (60 mL). The mixture was shaken vigorously and left to stand in the dark at room temperature (28°C) for 20 minutes and without pretreatment 10 μL of the extracts were pipetted into Eppendorf tube containing 1 mL of DPPH. Electron paramagnetic resonance (EPR Elexys E-500) (Bruker Biospin, Karlsruhe, Germany) spectra of every 30 seconds for 5 minutes were measured. The ability of carotenoid extract to scavenge DPPH radicals was quantified using a formula specified by Ivanova et al. (2017) .
Statistical analysis
All results were averages of duplicate determinations. Design Expert 11 (Trial version (Stat-Ease, MN, USA) was utilized in designing the whole experiment.
RESULTS AND DISCUSSION

Analysis of the RSM model
The results of 30 runs using the Box-Behnken design are listed in Table 3 . Analysis of variance (ANOVA) and regression was calculated using the experimental results. The coefficients, such as linear, quadratic and interaction, are reported in Table 4 . The model F-value of 2.86 implies the model is significant (p=0.0261). There is only 2.61% chance that an F-value this large could occur due to noise. In statistics, noise can be defined as unexplained variations in the experiment or factors that are inevitable to control (Steinberg and Bursztyn, 1998) . P-values less than 0.0500 indicate model terms are significant. In the present AC (p=0.0373), C² (p=0.0006) are significant model terms. Values higher than 0.1000 indicate the model terms are not significant. Since there are many insignificant model terms in this work, the solution would be to improve the model by reducing the parameters (i.e., remove time). The lack of fit F-value of 1.46 implies the lack of fit is not significant relative to the pure error. There is a 35.34% chance that a lack of fit F-value could occur due to noise. Non-significant lack of fit is good because we want the model to fit. As stated by Myers et al. (2016), R 2 value is always between 0 and 1 and the closer the R 2 is to 1.0, the stronger the model and the better it predicts the response. The R 2 of the current model is 0.73 hence useful in predicting the yield of carotenoid. The regression models representing the effect of temperature, pH, enzyme dose, and time on carotenoid yield are expressed in equation 1. Carotenoid = 261.56 + 9.02A − 5.14B − 10.64C + 9.45D + 2.04AB − 21.58AC − 10.36AD − 5.60BC + 15.65BD − 9.74CD − 6.72A 2 − 3.49B 2 + 31.13C 2 − 8.31D 2 (1)
Per the monomial coefficient value of regression model equation (1), A= 9.02 (incubation temperature), B= 5.14 (pH), C= 10.64 (enzyme dose), and D= 9.45 (time), the order of priority among the main effects of factors is as follows: enzyme dose (C) > time (D) > incubation temperature (A) > pH (B). The adjusted R 2 was 0.50, indicating that the model was reasonably adequate in predicting the variation of the response. However, a negative predicted R² (-0.30) implies that the overall mean could be a better predictor of the response (yield of carotenoid) than the current model. In some cases, a higher order model may also predict better, but this does not stop us from using the model. The adequacy of prediction measures the signal to noise ratio. A ratio greater than 4 is desirable. In the present study, the ratio was 7.5, which indicates an adequate signal. Therefore, the current model can be used to navigate the design space. 
Surface response analysis
The response surface plots of the carotenoid yield as a function of the different independent variables are presented in Fig. 1 . Three-dimensional (3D) plots were obtained by keeping the variable constant at the center point while changing the independent variables within the experimental results. The yield of the actual and predicted values are presented in Table 3 . The highest yield from the experimental result was 393.4 µg/mL followed by 335.4 µg/mL whereas 198.0 µg/mL represents the least. The predicted highest yield (407.4 µg/mL) was more than the experimental yield (393.4 µg/mL), and this could be explained using the model. The model considered in the present study was significant (p=0.0261) hence the predicted results are true and should be included in the results. It can be seen in the plots (Figure 1 a, a1 ) that, there was an increase in the carotenoid yield with a decrease in enzyme dose, with the highest yield in the enzyme dose ranged between 0.3 to 0.4 mL. Beyond this value range, the yield decreased with the increase of the enzyme. Similarly, figure 1 b, b1 shows the interaction effect of the enzyme and pH value on the yield. As shown on the contour plots, decrease in enzyme dose (between 0.37-0.54 mL) led to an increase in yield at pH of 4.0 to 6.7. Babu et al. (2008) also utilized trypsin to recover the highest carotenoid contents from shrimp wastes. MA hydrolyzes the cell wall, liberating carotenoids, thus increases extraction index. Blending of carrot before subjecting enzyme hydrolysis could attribute to chlorophylls detected (results were not included). Chlorophylls are inevitable because they contribute to plant survival via photosynthesis. Enzyme indeed played a critical role in optimizing yield as the interaction regression of temperature and enzyme (AC) was significant (p < 0.05). Figure 1 c, c1 represents the interaction effects of the time and temperature on the yield. For a time value below 15 hours, the yield decreased. The contour plots indicate that the optimum region for the better yield was in the time range of 14-24 and the temperature of 34.4 to 37 o C. Nevertheless, figure 1 d, d1 , shows the interaction effects of the time and pH value on the carotenoid yield. As seen on the contour plot, the increase in time and pH led to an increase in yield. Regardless of dosage of the enzyme combinations, the extraction time can be reduced (Çinar, 2005) . A similar trend was observed in the present study as the minimum and maximum dose of MA optimized yield. However, this was not true in all the samples. Some of the treatments incubated at different time regime (12, 18 hrs) liberated more pigments than treatments of 24 hours. Enzyme quickly utilized all the substrate within the 12 hours of the incubation period, hence there was no further increase in reaction when the time was extended due to lack of substrates. According to Koolman and Roehm (2011), the activity of an enzyme is only possible in the presence of a substrate which must conform to the active site of the enzyme in question before a reaction can occur. However, the lack of or inadequate substrate might explain why the highest yields were detected irrespective of the incubation period. Moreover, enzymes cleave their substrates in a highly specific way, and this phenomenon is not time dependent. Another postulate is that; the shape of the substrate was destroyed after the catalytic activities commenced due to heat or variation in pH hence no further reaction occurred. The interaction effects of the temperature and enzyme dose on the yield are presented in figure 1 e, e1. From the contour plot, increase in temperature led to an increase in yield with a decrease in enzyme dose. The rate of enzymatic reaction increases as temperature increases, but at a certain point (43 o C) except thermophilic enzymes, the reaction starts to decline as the proteins denature (Koolman and Roehm, 2011). Samples were subjected to different temperature regimes. MA was able to act on the carrot cells, thus creating pores for pigments to leak out and this account for better yield in all the samples. The interaction effects of pH and temperature on the yield is displayed in figure 1 f, f1. From the plots, there was an increase in yield with an increase in temperature (from 32 to 37 o C), with the maximum yield in the pH range of 4.6 to 6. Beyond this value range, the yield started to decrease with the decrease of the temperature.
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Design-Expert® Software The catalytic properties of enzymes, and consequently their activity is strongly pH dependent. A bell-shaped curve is usually obtained when enzyme activities are plotted against pH value (Sauro, 2011) . Addition of water to increase surface area for optimal enzymatic hydrolysis would sharply change the pH of the carrot paste. This would have affected the activities of MA significantly. Hence, adjusting pH certainly ensured optimum hydrolysis of MA to yield higher extraction index. Sadighara et al. (2016) also adjusted pH when they extracted carotenoids from Alfalfa with trypsin, and this led to an increase in yield. From the results, pH value of 6 was the optimum pH at which MA hydrolysis was high (taking into consideration the samples with the highest extraction index) though pH of 7.5, also showed similar results in some of the samples. It is therefore recommended to adjust pH to 6 when using MA for a higher yield. Figure 2 shows the ramp function graph of desirability for the responses. The dots on each ramp indicate the factor settings or response prediction for that response characteristic. In the current experiment, if all responses were maximized, then optimal parameters for better carotenoid yield were: temperature (37 o C), pH (7.4), enzyme (0.3 mL), and time (24 hrs.). High-cost of industrial enzymes makes it difficult for self-funded researchers to purchase. It is, therefore, a good idea that the desirability function recommended a low enzyme dose with other factors for yield optimization. An alternative option is to entrap MA in alumina gel before use. The entrapped enzyme could be recovered and reused without the enzyme losing its activities. The technology of mechanochemical assisted extraction is another route where carotenoids could be extracted without the need for enzymes. This method could be the best method to extract carotenoids since it operates at low temperature, economical, clean (green method), and thus reduce the impact of solvents on the environment. 
Antioxidant activities
All the extracts were found to possess DPPH-scavenging activity (Figure 3) . Sample 23 exhibited the highest AOA (1.39×10 -04 mol × equ) followed by 1.34.09×10 -04 , 1.05×10 -04 , 1.03×10 -04 , mol × equ representative sample 7, 20, 18, respectively. The least AOA (-1.07×10 -06 mol × equ) was observed in sample 11. However, sample number 3, 5, 6, 13, 14, 27, 29 and 30 also showed low AOA. In previous studies (Adadi et al., 2017a, 2017b, 2018b ) the AOA was measured over 15 minutes, but due to the sample size in the present study, the time was reduced to 5 minutes. Fluctuation in AOA of carotenoid extracts could be attributed to the different treatment regime of the samples. However, the geographical location, variety of carrot, the farming system adopted could not be ignored as crucial factors that contribute to variation in DPPH scavenging activities. The plant produce, i.e. fruits and vegetables are the most abundant sources of natural antioxidants, readily available, inexpensive, and more reliable than any expensive artificial medicament, also, it has no side effects and possesses high safety index (Amina et al., 2018) . Several authors (Divya et al., 2012; El-Zaeddia et al., 2017; Pradeesh and Swapna, 2018) have all confirmed the AOA of extracts from plant matrixes. Carrot is found to contain hydroxycinnamic derivatives such as dicaffeoylquinic and chlorogenic acids (Zhang and Hamauzu, 2004) and is thought to exert strong antioxidant activities. Extracts of Sesbania grandiflora (L.) were also found to contain potent antioxidant agents responsible for suppressing free radicals in cells. The flowers, when eaten as a vegetable, could serve as a good source of dietary antioxidants, which play an essential role in patience's suffering from diseases associated with oxidative stress (Pradeesh and Swapna, 2018) . Extracts from carrot tissues (peel, phloem, xylem) were found to possess strong DPPH-scavenging activity (Zhang and Hamauzu, 2004) . Leja et al. (2013) examined extracts of 35 carrot cultivars, landraces, and breeding populations and established that red carrots possess higher AOA than orange, yellow, and white carrots. Another interesting revelation was that carrots from Asian origin within the Eastern gene pool were more often purple or red and exhibited higher antiradical activity than their counterparts from the Western gene pool with mainly orange roots. Carrots are highly enriched with β-carotene, and vitamins (C and E), which are all candidates for radical scavenging activity. However, among the methods (ferric reducing antioxidant power (FRAP), ABTS bleaching assay (αTEAC), DPPH assay and peroxyl radical scavenging assay) employed to study the antioxidants activities of juice (from tomato, carrot, sea buckthorn berry) and oils (from sunflower, olive, fish, and walnut), carotenoids did not show any DPPH scavenging activity with the exception α-tocopherol, 2-tertbutyl-4-hydroxyanisol (BHA) and 2,6-di-tert-butyl-4-hydroxytoluene (BHT) (Müller et al., 2011) . The authors used industrial prepared samples which are usually incorporated with preservatives and could have interfered with the DPPH scavenging activity. 
CONCLUSION
In the present study, Box-Behnken design with four factors at three different levels was utilized to evaluate and optimize the EAE of carotenoids from carrots. The optimal operating conditions of temperature (37 o C), pH (7.4), enzyme (0.3 mL), and time (24 hrs.) were obtained from the ramp function graph of desirability. EAE is a more effective and efficient method of extracting carotenoids from the plant matrixes. Moreover, this method is economical and poses no threat to the environment as compared to the solvent-assisted extraction. Therefore, the product will be widely accepted by consumers without any criticism. Enzymes (immobilized) utilized could be recovered and re-used since enzymes do not transform into the final products. All the extracts were found to possess DPPH-scavenging activity with 1.39×10 -04 mol × equ and -1.07×10 -06 mol × equ representing the highest and least activity respectively. Since carotenoids are liable to heat, light, oxygen, etc., (Adadi et al., 2018a) coupled with the various conditions applied, a piece of information on isomerization of carotenoids would be good, we are, therefore recommending this for future investigations.
